Effects of feeding the methane inhibitor, amicloral, and the deaminase inhibitor (DAI), 4,4'-dimethyldiphenyliodonium chloride, at 1,500 and 25 mg/kg of diet, respectively, were investigated in finishing steers. Digestibility and ruminal VFA and ammonia concentrations were measured in six steers per treatment. Organic matter digestibility was increased significantly by amicloral, DAI and amicloral plus DAI. There were no treatment effects on molar proportions of acetic acid or propionic acid, but butyric acid was highest (P<.05) when both additives were fed. Ruminal ammonia concentrations were lower (P<.05) with all three treatment diets. Ninety-six steers were" allotted to eight groups, two pens (replicates) per treatment, in a ll2-day feedlot study. Neither amicloral nor DAI had any effect on intake or daily gain, although feed efficiency was increased (P>.05) by 9 and 4%, respectively. Feeding amicloral plus DAI lowered intake by 19% (P<.05) and gains by 8% (P>.05) but increased the efficiency of feed utilization by 12% (P<.05).
Introduction
Production efficiency in ruminant animals can be increased by the feeding of compounds which modify rumen fermentation. Methane production in the rumen may account for as much as 6 to 10% of the gross energy intake ~This investigation was financed by generous grants from Smith Kline Animal Health Products, West Chester, PA, and the Horned Cattle Trust Fund of Saskatchewan.
z The skilled technical assistance of Harold Ruecker and Ken Bassendowski is gratefully acknowledged. 3Present address: Univ. of Florida, Agr. Res. Center, Ona 33865. of ruminant animals (Blaxter and Clapperton, 1965) , and selective inhibition of methanogenesis may lead to increases in the formation of other, more desirable reduced products such as butyric and propionic acids. Amicloral has been shown to reduce methane production and to improve growth rate and feed efficiency in steers . While protein requirements of ruminants with functional rumens are generally met by microbial and dietary protein sources, responses to postruminal protein supplementation have been reported (Sibbald et al., 1968) . A reduction in the extent of protein deamination in the rumen may therefore have a similar positive effect on performance. Diaryliodonium compounds have been found to increase the concentration of ruminal free amino acids (Chalupa et al., 1976a; Horton, 1979) and to improve performance and feed efficiency in growing steers (Chalupa et al., 1976b) .
The object of this study was to investigate the effects of feeding amicloral and the deaminase inhibitor on feed utilization and feedlot performance of yearling beef steers.
Materials and Methods
Exp. l -Metabolism. The methane inhibitor, amicloral, and the deaminase inhibitor (DAI), 4,4 dimethyldiphenyliodonium chloride, were included in the feed at 1,500 and 25 mg/kg of diet, respectively, except during the first 14 days, when one-third these levels was fed. Ingredient composition and chemical analysis of the basal diet are shown in table 1. The four treatments were: (1) nonmedicated (control), (2) amicloral, (3) DAI and (4) amicloral and DAI.
Each diet was offered to six individuallyhoused steers (mean weight, 330 kg). Feed was offered in excess of appetite twice daily at 0830 and 1600 hr during the 21-day preliminary period and the subsequent 7-day intake mea-1160 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 6, 1980 surement. Feed was then restricted to 70% of ad libitum intake for the following 14 days. Total fecal collections were made during the last 7 days of each 42-day period for measurement of apparent digestibility. Rumen fluid was collected via stomach tube 2.5 hr after morning feeding on the last day of each period. Rumen fluid was processed according to the procedure of Kellogg (1969) and analyzed for VFA by gas chromatography. Ammonia was measured by the photometric method described by Dewan (1938) .
Exp. 2 -Feedlot. The four treatment diets described in Exp. 1 were fed in excess of appetite to feedlot steers twice daily at 0830 and 1600 hr for 112 days. Ninety-six Hereford steers with a mean body weight of 320 kg were allotted to eight lots, two pens (replicates) per treatment. The steers were weighed after a 16-hr shrink on day 1 and at the conclusion of the trial. Final weights at the end of the trial were adjusted to a 57% dressing percentage based on warm carcass weight. Average daily gains were calculated with initial shrunk weights and final adjusted weights. Carcass data were collected from chilled carcasses approximately 24 hr after slaughter.
Data were subjected to analysis of variance, and significance among treatment means was determined by Scheff~'s test (Snedecor and Cochran, 1967) .
Results and Discussion
Intake per unit metabolic body size (full weight -~s ) of steers in the metabolism trial was lower (P<.05) with amicloral but was not affected by DAI (table 2) . also observed lower intakes during the first 30 days, although consumption during succeeding periods was normal. Organic matter digestibility was increased (P<.05) 10 and 5% by amicloral and DAI, respectively. Lower intakes of the amicloral diet may acount for the larger increases in digestibility than were reported by Singh and Trei (1972) with lambs, since digestibility increases at lower intake levels (Paladines et al., 1964) . Significantly higher crude fiber digestion by steers fed the three medicated diets indicates that fermenta~ rive digestion was improved, a response which has also been observed with monensin in animals on high roughage diets and which was due to a reduction in rumen turnover rate (Lemenager et al., 1978 (1972) and Leibholz (1975) , who suggested that lower VFA may have reflected reduced ruminal microbial fermentation. However, Van Der Walt (1977) has shown that single samples of total VFA concentrations are not reliable estimates of total 24-hr VFA production rates, and the higher crude fiber digestibility in this trial indicates that the extent of fermentative digestion was not compromised by amicloral. Marty and Demeyer (1973) suggested that low total VFA with methane inhibitors may be related to increased butyrate production, since production of butyrate is less efficient than production of either propionate or acetate in terms of moles of hexose required. Amicloral tended to decrease molar proportions of acetic acid and to increase butyric acid, but it had no effect on propionic acid, which is in agreement with previous reports Trei et al., 1972) . While some workers have shown increased molar proportions of propionate with amicloral (Leibholz, 1975) , there are several reports of adaptation to the additive, with responses diminshing with time Clapperton, 1977) . Trei et al. (1972) collected rumen fluid after 7 and 90 days and reported respective changes in propionate of 44 and 10% and in butyrate of 18 and 63%. The DAI had no effect on individual VFA, but butyric acid levels were highest (P<.05) and propionic acid levels were lowest (P>.05) when both amicloral and DAI were fed.
Ruminal ammonia concentrations were about 60% lower (P<.05) in steers fed the medicated diets, which shows that feeding both the methane inhibitor and the deaminase inhibitor reduced the rate of protein deamination in the rumen. Singh et al. (1971) and Trei et al. (1972) observed a similar response to amicloral. The relatively high crude protein content of the diets (12.0%) precluded a critical assessment of possible protein-sparing effects of the two additives, since crude protein requirements of 350-to 450-kg steers gaining 1.3 kg/day may be met by diets containing 10.9% crude protein (NRC, 1976) . Neither amicloral nor DAI alone affected (P>.05) intake, gain or feed efficiency of feedlot steers (table 4) . However, steers fed amicloral consumed 11% less feed and converted feed to gain 9% more efficiently than did the control steers, which is in agreement with previous reports Cole and McCrosky, 1975; Horton, 1980) . Similar intakes and approximately 5% improvements in gain and feed efficiency with DAI were reported by Chalupa et aL (1976b) in a study of finishing steers fed an 11% crude protein, 70% roughage diet.
Total ruminal free amino acids in steers fed a diet similar to the one offered in the present study were increased threefold by the feeding of DAI (Horton, 1979) . This evidence, along with the fact that ruminal ammonia concentrations were lower (P<.05) and gains tended to be higher with steers fed the deaminase inhibitor, suggests that decreasing the extent of proteolysis in the rumen may improve the performance of finishing steers fed a diet formulated to be adequate in protein. Chalupa (1977) and Swan and Edwards (1977) reported a similar growth response with finishing bulls when dietary protein level was increased from 10 to 14%. About one-half the dietary protein was derived from dehydrated alfalfa, and since a large proportion of the protein in dehydrated alfalfa escapes degradation in the rumen (Krause and Klopfenstein, 1978) , one may speculate that larger responses with the deaminase inhibitor may be observed when more soluble dietary proteins are included in the diet. Steers fed both amicloral and the deaminase inhibitor consumed 19% less feed (P<.05) and utilized feed 12% more efficiently than control animals without exhibiting any significant decline in gains (1.21 vs 1.31 kg/day). Ruminal butyric acid concentrations were significantly higher in steers fed amicloral, either alone or with DA1, and this may have been responsible for the lower intakes by steers fed these diets (Baumgardt, 1970) . The complementary interaction of amicloraI and the deaminase inhibitor toward improved feed efficiency is consistent with the data of Brethour and Chalupa (1977) . Carcass measurements were not affected by any of the feed additives. There was, however, a nonsignificant trend toward less backfat in steers fed amicloral, either alone or in combination with the deaminase inhibitor. Lower fat thickness was also associated with more top grade A1 carcasses in the amicloral groups.
